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The need for 24-h operations creates nonstandard and altered work schedules that
can lead to cumulative sleep loss and circadian disruption. These factors can lead
to fatigue and sleepiness and affect performance and productivity on the job. The
approach, research, and results of the NASA Ames Fatigue Countermeasures Pro-
gram are described to illustrate one attempt to address these issues in the aviation
environment. The scientific and operational relevance of these factors is discussed,
and provocative issues for future research are presented.

INTRODUCTION

Today, 24-h operations are a critical com-
ponent of maintaining our technological so-
ciety. Many different types of occupations
and industries rely on round-the-clock opera-
tions, including health care, public safety,
service and manufacturing industries, mili-
tary operations, and transportation. Esti-
mates are that one in five American workers
is a shiftworker, working some form of non-
standard or altered work schedule (Office of
Technology Assessment, 1991). These 20 mil-
lion American shiftworkers are exposed to
major disruptions in their physiology, social
activities, and family lives. The principal
physiological disruption occurs in two areas:
sleep and circadian rhythms.

! Requests for reprints should be sent to Mark R. Rose-
kind, NASA Ames Research Center, Mail Stop 262-4, Mof-
fett Field, CA 94035-1000.

Sleep is a vital physiological function, and
obtaining even 1 h less than required can af-
fect waking levels of sleepiness (Carskadon
and Dement, 1982). Sleep loss may be acute
or, if occurring continuously over time, may
result in a cumulative sleep debt (Roth,
Roehrs, Carskadon, and Dement, 1989).

The suprachiasmatic nucleus in the hypo-
thalamus is a pacemaker for 24-h physiolog-
ical and behavioral rhythms. Circadian
(about 24 h) rhythms govern sleep/wakeful-
ness, motor activity, hormonal processes,
body temperature, performance, and many
other factors. Core body temperature is often
used as a biological marker of circadian po-
sition and is related to the fluctuations seen
in sleep/wakefulness, performance, hormone
secretion, digestion, and other physiological
activities. The minimum of the body temper-
ature rhythm (which typically occurs at 3:00
to 5:00 a.m. daily) is associated with sleep,
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low motor activity, decreased performance,
and worsened mood. Disturbances of 24-h bi-
ological rhythms may be acute or continue
over long periods, resulting in chronic desyn-
chronization between different physiological
systems. (For background in this area, see
Dinges, 1989; Mistlberger and Rusak, 1989;
Monk, 1989.)

Cumulative sleep loss and circadian dis-
ruption can lead to decreased waking alert-
ness, impaired performance, and worsened
mood (Bonnett, 1985; Broughton and Ogilvie,
1992). Individuals often use the word ‘“fa-
tigue” to characterize these experiences. Es-
timates suggest that 75% of night workers ex-
perience sleepiness on every night shift, and
for 20% of them, sleepiness is so severe that
they actually fall asleep (Akerstedt, 1991). Al-
though many factors may affect the subjec-
tive report of fatigue (e.g., workload, stress,
environmental factors), the most substantial
empirical data suggest that the two principal
physiological sources of fatigue are sleep loss
and circadian disruption.

Fatigue is a concern in many operational
settings that require 24-h activities (Office of
Technology Assessment, 1991). Decreased
performance related to sleep loss and circa-
dian disruption has been implicated in some
major disasters, such as the Exxon Valdez,
Three Mile Island, and Bhopal accidents (Of-
fice of Technology Assessment, 1991). Al-
though the potential risks of sleep loss and
circadian disruption exist, they do not dimin-
ish society’s need for continuous 24-h opera-
tions. Therefore, it is critical that the extent
and impact of fatigue in operational settings
be understood. Strategies and countermea-
sures should be developed and empirically
evaluated to determine approaches that will
maximize performance and alertness and
help to maintain an adequate margin of
safety.

This article describes a National Aeronau-
tics and Space Administration (NASA) pro-
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gram, the approach, methods, research, and
results of which are designed to address these
issues in the aviation environment. It pro-
vides an example of how, in one mode of
transportation, fatigue has been empirically
studied to provide relevant data to both the
scientific and operational communities.

NASA AMES FATIGUE
COUNTERMEASURES PROGRAM

Program Goals and Research Approach

In 1980, responding to a congressional re-
quest, NASA Ames Research Center spon-
sored a workshop that examined whether
“the circadian rhythm phenomenon, also
called jet lag,” was of concern (National Aero-
nautics and Space Administration, 1980, p.
1). The workshop participants concluded that
“there is a safety problem, of uncertain mag-
nitude, due to transmeridian flying and a po-
tential problem due to fatigue in association
with various factors found in air transport
operations” (abstract). The NASA Ames Fa-
tigue/Jet Lag Program (later called the Fa-
tigue Countermeasures Program) was created
to determine the magnitude of the problem
and its operational implications. Three pro-
gram goals were established, which continue
to guide research efforts: (1) to determine the
extent of fatigue, sleep loss, and circadian dis-
ruption in flight operations; (2) to determine
the impact of these factors on flight crew per-
formance; and (3) to develop and evaluate
countermeasures to mitigate the adverse ef-
fects of these factors and to maximize flight
crew performance and alertness.

The overall research approach has been to
integrate data collected from field studies
during regular flight operations with full-
mission, high-fidelity flight simulation stud-
ies and with results from controlled labora-
tory experiments. Each of these research
approaches has strengths and weaknesses
from both a scientific and an operational
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viewpoint. Field studies may more accurately
reflect real-world conditions but are inher-
ently difficult to conduct because, for exam-
ple, research protocols must not interfere
with regular operational procedures or
safety. Also, it is virtually impossible to con-
trol all potential contributory factors in field
studies, and there are limitations to the em-
pirical measures that can be tolerated by sub-
jects in their usual work environment.

Laboratory studies provide a controlled en-
vironment for manipulating specific indepen-
dent variables and determining the outcome
in precise ways. However, attempts to gener-
alize these findings to the more complex op-
erational setting may greatly limit the oper-
ational relevance of laboratory studies that
cannot incorporate all of the potential inter-
vening variables.

Full-mission, high-fidelity flight simulation
studies provide a unique opportunity to ma-
nipulate the specifics of a trip scenario and
measure a wide range of flight variables.
However, constraints on the simulation envi-
ronment must be considered (e.g., realism,
costs). Clearly, the integration of all three ap-
proaches in a single program has important
advantages, and the program has conducted
studies using each of these research ap-
proaches to capitalize on their unique
strengths.

Measures

The program uses a diverse range of empir-
ical measures to evaluate fatigue. In any
given study, the measures are determined by
the specific hypotheses and objectives of that
particular study. The initial field studies ex-
amining the extent of fatigue, sleep loss, and
circadian disruption utilized a combination
of self-report and physiological measures.
The self-report measures included a back-
ground questionnaire and a pilot’s daily
logbook.

The background questionnaire collected
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demographic data and information on flight
experience, sleep, meals, exercise, and gen-
eral health. It also included some standard-
ized surveys, such as that for personality
style.

The pilot’s daily logbook, which is pocket-
sized, contains information about flight and
duty times, sleep quantity and quality, mood,
meals, exercise, physical symptoms, and
comments (e.g., operational events, environ-
mental factors). These data are collected a
maximum of three days prior to a trip sched-
ule, throughout a trip, and for a maximum of
four days after the trip.

The first physiological variable assessed
was core body temperature, which allowed
the determination of circadian phase and
measurement of amplitude. An ambulatory
recorder (Vitalog, Inc.) collected continuous
temperature data via a rectal thermistor,
heart rate information via chest electrode
placements, and activity detected by a mo-
tion sensor worn on the nondominant wrist.
This portable recorder collected and stored
the data for up to 10 days.

Over the years, the sophistication and
range of measures has increased. Continuous
portable recording of electroencephalo-
graphic (EEG), electro-oculographic (EOG),
and electromyographic (EMG) activity is ob-
tained using an Oxford Medilog 9200 re-
corder. This instrument provides up to eight
channels of physiological data, which are
continuously collected in analog form onto a
high-quality cassette tape. The Medilog can
collect continuous data on one tape for up to
24 h. The tape is later played back on a scan-
ning system that allows detailed analysis of
standardized sleep variables (e.g., sleep la-
tency, total sleep time, amounts of rapid eye
movement [REM] and non-REM sleep, and
awakenings).

The Medilog can provide both sleep and
wakefulness data. The EEG information can
be analyzed for EEG frequency changes (e.g.,
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alpha and theta activity), and the EOG data
reflect slow eye movements, which are asso-
ciated with physiological sleepiness during
wakefulness (Akerstedt and Gillberg, 1990).

In addition to these physiological mea-
sures, a recent study incorporated a vigilance
performance measure that uses reaction time
to assess sustained attention (Dinges and
Powell, 1985, 1988). This psychomotor vigi-
lance task (PVT) is a 10-min simple reaction
time test that probes central nervous system
(CNS) capability. It has been demonstrated to
be sensitive to the effects of sleep loss and
circadian disruption and does not have a sig-
nificant learning curve, unlike many other
performance tests (Dinges and Kribbs, 1991).

The PVT data are especially useful as a
metric because they can be compared with
previous findings from sleep deprivation and
sleep disorder studies. The PVT does not rep-
resent a specific flight performance variable.
Instead, it provides a measure of CNS capa-
bility, especially of sustained attention and
vigilance performance, which are important
factors in many operational settings, includ-
ing aviation.

New measures are added as study objec-
tives expand into different areas. For exam-
ple, an upcoming project will require the
measurement of noise levels with a sound
pressure meter during flight and blood oxy-
gen saturation using an oximeter during
sleep. The principal measures used were:

Background questionnaire (e.g., demographics,
personality)

Survey/questionnaire data (e.g., operational is-
sues)

Logbook subjective report (e.g., pilot’s daily log-
book)

Observational/behavioral data (e.g., cockpit ob-
server log)

Physical performance and mental functioning
tests (e.g., psychomotor vigilance task)
Long-term continuous recording of motor activ-
ity (actigraphy)

Long-term continuous recording (via Vitalog) of
physiological parameters (e.g., core body tem-
perature, heart rate)
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Continuous physiological recording (via Med-
ilog) of brain (EEG), eye (EOG), and muscle
(EMG) activity

Typically, one or two NASA researchers/
observers accompany volunteer pilots during
a trip to collect the measures and provide
guidance regarding the protocol.

Over the past 12 years, studies have been
conducted in a variety of aviation and con-
trolled laboratory environments and in one
full-mission flight simulation. These projects
were often labor intensive, spanned several
years from design to implementation to anal-
ysis and reporting of results, and often in-
volved collaborations. Support and collabo-
ration in the United States came from the
Federal Aviation Administration (FAA), the
National Transportation Safety Board
(NTSB), air carriers, pilots, pilot unions, and
the military. Some of the international stud-
ies involved worldwide collaborations with
research and flight operations groups from
the United Kingdom, Germany, Japan, and
other countries. References reporting the re-
sults from many of the NASA studies and
other significant program publications are
provided in the appendix.

The results of these studies have been col-
lectively organized into an extensive data-
base that encompasses data from more than
500 volunteer pilots. This database allows
unique comparisons between operational en-
vironments in which similar measures were
taken.

Another critical factor in successfully col-
lecting these data has been the assurance of
anonymity and confidentiality for all of the
participants. After volunteering for a study, a
pilot would receive an identification number,
and no name would ever be associated with
any of the data collected.

RESEARCH EXAMPLES

Three studies will be highlighted to provide
examples of the research approach, measures,
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and findings and the operational relevance of
the data.

Short-Haul Commercial Operations

This study was conducted to examine the
extent of sleep loss, circadian disruption, and
fatigue engendered by flying commercial
short-haul air transport operations (flight
legs less than 8 h; see Gander, Graeber,
Foushee, Lauber, and Connell, in press). In
this study, 74 pilots from two airlines were
studied before, during, and after three- and
four-day commercial short-haul trips. All
flights took place on the East Coast of the
United States and occurred throughout the
year. Of the pilots contacted about the study,
85% agreed to participate. As a group, the pi-
lots averaged 41.3 years of age and had, on
average, 14.6 years of airline experience.

Physiological data (core body temperature
and heart rate) and motor activity were ob-
tained every 2 min with the Vitalog portable
biomedical monitor. Using the pilot’s daily
logbook, subjects provided subjective ratings
of fatigue and mood every 2 h while awake
and recorded their sleep episodes and other
activities (e.g., meals, exercise, duty time). All
subjects completed a background question-
naire, and a NASA cockpit observer accom-
panied crews during trip schedules.

The specific daytime and evening trips
studied were selected so as to provide infor-
mation about the upper range of fatigue re-
ported by pilots in these operations. Common
features of the trip schedules included early
report times (i.e., for duty) and multiple flight
legs (average 5.5/day) over long duty days.
The trips averaged 10.6 h of duty per day and
involved an average of 4.5 h of flight time.
One third of the duty periods studied were
longer than 12 h. The average rest period was
12.5 h long and usually occurred progres-
sively earlier in the day across successive
trip days.

Data from the daily logbook demonstrated
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that during trip nights, pilots took about 12
min longer to fall asleep, slept about 1.2 h
less, and awoke about 1.4 h earlier compared
with their pretrip sleep patterns. The pilots
reported this trip sleep as lighter and poorer
(with more awakenings) than pretrip sleep.
Subjective fatigue and mood were worse dur-
ing layovers than before or after the trip or
during flights. Significant time-of-day effects
were found for fatigue, negative emotions,
and activation ratings. In the first three rat-
ings of the day following awakening, fatigue
and negative emotion ratings were low.
Thereafter they increased and reached their
highest values in the final rating prior to
sleep. Predictably, activation ratings showed
the inverse of this pattern.

On trip days, pilots consumed more caf-
feine (mean = 3.4 servings) than on pretrip
days (mean = 1.9 servings) or posttrip days
(mean = 2.7 servings), presumably to main-
tain alertness during operations. Caffeine was
consumed primarily in the early morning,
which is associated with the earlier wake-up
and duty times, and also during the midafter-
noon peak in physiological sleepiness. During
the trip schedule more alcohol (mean = 1.6
servings) was consumed than on pretrip
(mean = 0.5 servings) and posttrip (mean =
1.0 servings) days. It can be assumed that pi-
lots consumed the alcohol only after coming
off duty (presumably to unwind after a long
duty day), and in accordance with federal avi-
ation regulations. During trips, more snacks
were consumed, and they were consumed
earlier in the wake period.

For 72 pilots flying 589 legs, heart rates ob-
tained during takeoff, descent, and landing
were compared with midcruise values. The
pilot flying had greater increases in heart rate
during descent and landing than did the pilot
not flying. This increase was greater under
instrument flight rule than under visual
flight rule conditions.

This was one of the first field studies
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conducted by the NASA program, and it pro-
vides a unique insight into the physiological
and subjective effects of flying short-haul
commercial operations. It demonstrated that
these measures could be obtained in an oper-
ational environment without disturbing reg-
ular performance of duties. The study results
suggest several significant operational con-
siderations regarding fatigue. For example,
the data showed that the daily duty durations
were double the flight durations and that one
third of the duty periods were longer than 12
h. Findings from this study suggest that lim-
itations on duty time should be considered,
just as pilot flight times are currently limited
by federal aviation regulations. Also, the
practice of making pilots report for duty ear-
lier on successive trip days, requiring earlier
wake-up times, interferes with obtaining ad-
equate sleep. Even when the layovers were
relatively long, the circadian system would
generally inhibit falling asleep earlier, and
hence a significant amount of sleep would be
lost during trip nights. Therefore, when pos-
sible, duty on successive trip days should
begin at the same time or even begin pro-
gressively later, moving with the natural
tendency of the biological clock to extend
the day.

Finally, alcohol is known to disrupt sleep
dramatically and therefore contributes to the
poor quantity and quality of sleep obtained
on trip nights. Alternate ways to unwind after
duty and to promote sleep should be identi-
fied and offered (e.g., cognitive-behavioral re-
laxation approaches).

Long-Haul Commercial Operations

This study examined how long-haul (>8 h)
flight crews organized their sleep during a va-
riety of international trip patterns and how
duty requirements, local time, and the circa-
dian system affect the timing, quantity, and
quality of sleep (Gander, Graeber, Connell,
and Gregory, 1991). Duty requirements and
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local time can be viewed as external/environ-
mental constraints on time available for
sleep, whereas the internal circadian system
is a major physiological modulator of sleep
duration and quality.

Subjects were 29 male flight crew members
(average age = 52 yrs) flying Boeing 747 air-
craft on one of four commercial international
trip patterns. This report combined the data
from the four trip schedules. The pilot’s daily
logbook was completed prior to, during, and
following the trip to collect self-reports of
duty times and of sleep timing, duration, and
quality, and so on (i.e., the same data as in the
short-haul study). Core body temperature,
heart rate, and activity using the Vitalog por-
table biomedical monitor were collected ev-
ery 2 min. The core body temperature, mea-
sured with a rectal thermistor, was used as a
marker of the underlying circadian time-
keeping system.

On average, the duty periods lasted about
10.3 h and were followed by 24.8 h of layover.
During layovers there were generally two
sleep episodes. The average sleep/wakeful-
ness pattern was 19 h awake, 5.7 h of sleep,
7.4 h awake, and 5.8 h of sleep. Pilots gener-
ally reported that the first sleep of the layover
was of better quality and that they fell asleep
more easily and obtained deeper sleep than in
the subsequent sleep episode. As the length of
sleep increased, there was a concomitant in-
crease in sleep quality ratings. The circadian
system appeared to exert a greater influence
on the timing and duration of the first sleep
episode than on that of the second sleep of a
layover, with a preference for sleeping during
local night and/or waking up after the tem-
perature minimum. The exception was after
eastward flights that crossed five or more
time zones and produced a high accumulated
sleep debt. The time of falling asleep for the
second sleep episode was related to the
amount of sleep already obtained. It typically
occurred during local night, and the duration
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was related to the remaining time available
before duty. The duration of both sleep epi-
sodes was longer when crew members fell
asleep earlier with respect to their circadian
temperature minimums.

Subjective reports of naps taken during
layovers were obtained from the daily log-
book. When the first sleep episode of a lay-
over was identified as a nap, it averaged 2 h
in length, was generally longer than other
naps, and followed significantly longer peri-
ods of wakefulness. These first naps typically
occurred in response to acute sleep loss asso-
ciated with overnight eastward flights or
westward flights crossing five time zones or
more. Other naps occurred just prior to the
next duty period and effectively shortened
the length of continuous wakefulness.

Crew members also reported in their log-
books the occurrence of naps on the flight
deck. (In-flight rest on the flight deck is not
sanctioned under current federal regula-
tions.) The average duration of the naps re-
ported on the flight deck was 46 min (range,
10-130 min). Research observers accompany-
ing the crews also noted naps not reported in
the logbooks. Data combining the research
observers’ notes and logbook data suggest
that, on average, 11% of flight crew members
were taking the opportunity to nap when con-
ditions permitted. The data do not indicate
whether these were planned naps or occurred
spontaneously in response to sleep loss and
circadian disruption.

This study provides unique insights into
the physiological and subjective effects of fly-
ing long-haul commercial operations. The in-
formation is scientifically provocative and
can be translated into operationally relevant
considerations. The following are some of the
scientific considerations that emerge from
the results.

The flight schedules pushed the sleep/wake
cycle into a period (25.7 h) different from that
of the circadian system, though the two sys-
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tems did not become completely uncoupled.
Although the circadian system continued to
influence the timing and duration of sleep ep-
isodes, it was unable to resynchronize and
quickly adapt to the rapid, multiple time-
zone shifts. It is clear that a variety of exter-
nal/environmental factors (e.g., light, activ-
ity, social cues) interact with internal/
physiological factors to affect sleep timing,
duration, and quality. The operational rele-
vance of the data is easy to discern. For ex-
ample, current flight and duty time regula-
tions are intended to ensure that reasonable
minimum rest periods are available for flight
crews. However, this study demonstrated
that in commercial long-haul flight sched-
ules, there are physiologically and environ-
mentally determined preferred sleep times
within a layover, and therefore the time
available for sleep may be less than the off-
duty time available.

Planned Cockpit Rest

As indicated from the results of the previ-
ous study, long-haul flight operations involve
sleep loss and circadian disruption. Anec-
dotal, observational, and self-report sources
(e.g., those from the previous study) indicate
that sleep does occur on the flight deck, de-
spite federal regulations forbidding in-flight
rest. It is unclear from available data how
often these naps are planned and how often
they occur spontaneously in response to sleep
loss and circadian disruption. In consider-
ation of the available information regarding
rest on the flight deck, the first test of an op-
erational fatigue countermeasure was con-
ducted. A NASA/FAA study examined the ef-
fectiveness of a planned cockpit rest period to
maintain and/or improve subsequent perfor-
mance and alertness in long-haul, nonaug-
mented international flights (nonaugmented
= only primary crew required; augmented =
extra crew needed when over certain flying
times; Rosekind, et al., in press).
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A regularly scheduled 12-day, eight-leg trip
that involved multiple trans-Pacific crossings
was selected for study. The flight legs aver-
aged just over 9 h and were followed by about
25 h of layover. Prior to, during, and after the
12-day trip, crew members completed pilot’s
daily logbooks, documenting sleep and duty
times and other activities, and wore acti-
graphs on their nondominant wrist. (An acti-
graph collects noninvasive activity data from
a motion sensor, providing an estimate of an
individual’s 24-h rest/activity pattern; Cole,
Kripke, Gruen, Mullaney, and Gillin, 1992))
The middle four legs of the trip schedule were
studied intensively. EEG and EOG activity
was continuously monitored during these
flight legs using the Medilog recorder. An ex-
tensive scientific literature demonstrates that
self-reports of sleep (e.g., time to fall asleep,
total sleep time) do not accurately reflect
physiological activity (Carskadon et al., 1976;
Rosekind and Schwartz, 1988). Therefore it
was critical to document the amount of phys-
iological sleep obtained. Continuous EEG
and EOG recordings taken during the awake
period were used to assess physiological
sleepiness. The PVT was used as a measure of
vigilance performance and sustained atten-
tion. Pilots also gave self-report ratings of
alertness and mood at predetermined times
throughout the flight. Two NASA researchers
traveled with the crews to implement the
procedures and collect data.

The three-person Boeing 747 volunteer
crew members were randomly assigned to ei-
ther a rest group or no-rest group. Each rest
group member (12 subjects) had a 40-min rest
opportunity during the low-workload portion
of flights over water. Crew members rested
one at a time on a prearranged rotation while
the other two crew members maintained the
flight. The no-rest group (9 subjects) had a
40-min control period identified when they
were instructed to continue their regular
flight activities. Specific safety and proce-
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dural guidelines were used during the study.

The first question was whether pilots
would be able to sleep during a planned rest
opportunity in their cockpit seat. The rest
group slept during 93% of the rest opportuni-
ties. On average, they fell asleep in 5.6 mins
and slept for about 26 min. Whether or not a
benefit was associated with this sleep was de-
termined by examining the vigilance perfor-
mance measure and indicators of physiologi-
cal sleepiness. As expected, the no-rest group
showed performance decrements (i.e., in-
creased reaction times and variability on the
PVT) at the end of flights compared with the
beginning of flights, on night flights versus
day flights, and on the fourth study leg com-
pared with the first study leg. The rest group,
however, demonstrated positive effects of the
brief nap by maintaining consistently good
performance at the end of flights, on night
flights, and on the fourth study leg.

Physiological sleepiness was examined by
evaluating the subtie EEG and EOG changes
that indicate state lability. Previous research
has demonstrated that physiological sleepi-
ness is associated with the occurrence of EEG
alpha or theta waves and/or EOG slow eye
movements. These physiological events are
associated with decreased performance (Ak-
erstedt, 1992; Akerstedt and Gillberg, 1990).
Microevents (brief sleep events) indicative of
physiological sleepiness (the occurrence of
EEG alpha or theta waves and/or EOG slow
eye movements) lasting 5 s or longer were
identified during the last 90 min of flight,
even during descent and landing, in both
study groups. Overall, the no-rest group had
microevents (mean = 6.37) indicative of
physiological sleepiness at a rate twice that of
the rest group (mean = 2.90).

The brief nap appeared to act as an acute
in-flight operational safety valve and did not
affect the cumulative sleep debt observed in
85% of the crew members. The rest group
members were usually able to sleep during



FATIGUE IN AVIATION

the rest opportunity, and this nap was asso-
ciated with improved performance and alert-
ness compared with the no-rest control
group. This was the first empirical test of a
fatigue countermeasure conducted in an op-
erational aviation setting that combined
physiological, performance, and subjective
Imeasures.

Not only are the results scientifically inter-
esting, but they can be transferred directly
into operational considerations regarding
planned rest. Based partly on the results of
this NASA/FAA study, an industry/govern-
ment working group has drafted an advisory
circular for review by the FAA’'s Aviation
Rulemaking Advisory Committee. The circu-
lar outlines specific guidelines for the devel-
opment and implementation of a program for
controlled rest on the flight deck. It should be
noted that controlled rest is only one in-flight
countermeasure and is not the panacea for all
of the sleep loss and circadian disruption en-
gendered by long-haul flight operations
(Rosekind, Gander, and Dinges, 1991).

Current Activities and Future Directions

In 1991, the name of the program was
changed to the Fatigue Countermeasures Pro-
gram to emphasize the development and
evaluation of countermeasures. One area of
intense activity is the analysis and writing of
a variety of scientific and operational publi-
cations to transfer the information acquired
over the past 12 years to the scientific and
operational communities. Another project in-
volves a study of the onboard crew rest facil-
ities on long-haul aircraft. Bunks are avail-
able for pilots when a flight is augmented
(extra crew onboard) and the flight length ex-
tends beyond that allowed for a single crew.
This study will examine the quantity and
quality of sleep obtained in onboard crew rest
facilities, the factors that promote or inter-
fere with sleep, and the effects on subsequent
performance and alertness.
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Another major project is the development
and implementation of an education and
training module entitled “Alertness Manage-
ment in Flight Operations’” (Rosekind, Gan-
der, and Connell, in press). It provides infor-
mation on physiological sources of fatigue
and how flight operations affect these factors
and makes recommendations for fatigue
countermeasures. The module is intended for
any interested party in the aviation commu-
nity, including pilots, air carrier managers,
schedulers, flight attendants, and federal pol-
icymakers. Potential areas for future program
activity include the development of an expert
scheduling system that incorporates known
scientific and physiological data, an exami-
nation of fatigue in regional airline opera-
tions, and further development and evalua-
tion of countermeasures.

FUTURE CONSIDERATIONS FOR
FATIGUE RESEARCH IN
OPERATIONAL SETTINGS

As issues of safety and health continue to be
raised regarding fatigue in operational envi-
ronments, more research will be required to
address them. Major questions raised in
many operational settings include, What is
safe? How long is too long to drive, fly, or
operate a train? How many night shifts in a
row is too many? How long is too long for a
shift period? How many consecutive days can
be worked safely? How long does it take to
recover after an extended duty or shift pe-
riod? How long does it take to recover after
several consecutive duty or shift periods? Do
individuals need one night of sleep or two
nights? How could naps be used to improve
the situation? How should one define recov-
ery: by physiological adaptation, perfor-
mance, or waking sleepiness? After starting a
new shift schedule, how long will it take to
physiologically adapt? What are the effects of
changing from a night shift schedule to a reg-
ular daytime schedule on the weekends and
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then back to night shifts? How should current
hours-of-service regulations be evaluated? If
they should be changed, how should they be
adjusted? On what should such changes be
based?

Each of the issues raised suggests a wide
range of research activities. They also repre-
sent the concerns faced by the 20 million
Americans currently working altered or non-
standard shifts. The point of these questions
is that the scientific research will be most
useful if it is integrated with operational con-
cerns.

There are other considerations as well. Al-
though generic research will help to set a sci-
entific foundation for addressing these oper-
ational questions, it is also critical to
understand the specific requirements of dif-
ferent settings. The type of shift schedule,
task demands, timing of critical tasks, and
other factors such as meal availability and
break schedules present different challenges.
Another area to examine is the tremendous
individual variation that exists in response to
sleep loss, circadian disruption, and perfor-
mance changes. Different work and corporate
cultures will have disparate attitudes, knowl-
edge, and concern about these issues, and this
can affect work performance and satisfaction.
Also, there is very little information regard-
ing the long-term (e.g., months or years) ef-
fects of sleep loss and circadian disruption on
safety, performance, productivity, and
health. Another major area is the develop-
ment and empirical evaluation of counter-
measures. There may be a wide variety of so-
lutions that will maximize alertness and
performance—for instance, those involving
physiological strategies, display design, or
schedule design. This area creates tremen-
dous potential for evaluating new technolo-
gies and strategies.

One valuable approach is to coordinate and
integrate resources and expertise among re-
searchers, federal agencies, policymakers,
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and so on to maximize the potential effect of
any given research project or operational im-
plementation of findings. It is often critical
that scientists be allowed access to the sub-
jects’ operational environment or, at mini-
mum, to fully understand how things work in
a particular setting. The close coordination of
scientific and operational efforts can also lay
the foundation for a direct application of pos-
itive findings.

Clearly there is a lot of important work to
be done. The NASA Ames Fatigue Counter-
measures Program is presented as a model of
one approach to addressing some of the issues
raised. It is not the only approach possible
but is presented to stimulate empirical re-
search in applied operational settings.

Human factors research can play a pivotal
role in the scientific investigation of these is-
sues and in the application of the findings to
specific operational questions. As long as 24-h
operations are required to maintain societal
needs, the effects of sleep loss and circadian
disruption must be considerations in any op-
erational setting. How these factors affect the
physiological and performance capabilities of
the human operator will be critical to job
safety, performance, and productivity.
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